Background: This study investigated the effects of multiple training modalities (MTM) on senior fitness and neuropsychiatric function in the elderly with subjective memory complaints (SMC).
Introduction
The rapid growth of the elderly population has become a challenging medical problem in developed countries. [1] Dementia is a major public health problem associated with this population, and Alzheimer disease (AD), considered as a chronic neurodegenerative disease that usually starts slowly and worsens over time, accounts for 60% to 70% of dementia cases. [2] Subjective memory complaints (SMC), also known as significant memory concern, subjective memory impairment, subjective cognitive decline, or subjective cognitive complaints are defined as conditions in healthy individuals with self-reported cognitive complaints in the absence of objective cognitive deficits. SMC is common in older adults. [3] Recent evidence has indicated that SMC is a risk factor for future accelerated cognitive decline and progression to preclinical or clinical state of mild cognitive impairment (MCI) and AD. [4] As dementia has gradually developed to be an important issue, effective nonpharmacological interventions that entail fewer side effects compared with pharmacological interventions must be developed to lessen the functional impact of AD. [5, 6] In Asian countries, Chinese calligraphy handwriting, drawing and meditation are commonly practiced traditional Chinese leisure activities. Citizens used to practice the activity in the public place as a group. It has been observed that some common practiced traditional Chinese leisure activities in Asian countries, such as calligraphy, Tai Chi, music therapy and meditation, have had useful effects on cognitive performance. [7] [8] [9] [10] Chinese calligraphy handwriting is often regarded as a unique form of art in Chinese culture. It is the writing of Chinese characters by hand using a soft-tipped brush. Drawing is a form of visual art in which a person uses various drawing instruments to mark paper or another two-dimensional medium. Chinese calligraphic handwriting and drawing are 2 traditional Chinese arts requiring integration of the mind and body with characters (Chinese alphabet) through an interwoven dynamic process. They involve visual perception of the characters, spatial structuring of the characters, cognitive planning, and maneuvering of the brush to follow specific character configurations. They are often practiced to stabilize and improve both the mind and body. Clinical researches revealed calligraphic writing improves attention span, concentration, relaxation, and emotional stabilization. [11, 12] Besides, Calligraphy as intellectual leisure activities in later life may delay cognitive deterioration. [7] Physical fitness activities are often practiced in citizens including endurance, or aerobic activities (brisk walking or jogging), strength, or resistance training (lifting weights and using a resistance band), balance exercises (standing on one leg) and flexibility exercises (doing various limbs stretches). Aerobic exercise alone or combined with mind-motor training appeared to benefit cognition in those with or without dementia. [13] Meditation is defined as a practice where an individual uses a technique, such as focusing their mind on a particular object, thought or activity, to achieve a mentally clear and emotionally calm state. Meditation may be used with the aim of reducing stress, anxiety, depression, and pain, and increasing peace, perception, and wellbeing. [10] Besides, meditation had been proved to improve memory and cognitive function in adults with subjective cognitive decline. [14] As a single training modality of Chinese traditional leisure activity had been proved to improve cognitive function, we think the combined training modalities might have more benefits than single training modality. A pilot study regarding using multiple training modalities (MTM) of Chinese traditional leisure activities concluded these to be useful nonpharmacological interventions to lessen the functional impact of AD, [15] but it is unknown whether these effects will work on SMC. Thus, we designed the MTM for group practice for SMC. Effects of MTM have been focused on the elderly with SMC, those who are supposed to progress into dementia in the future. [15] Whether early nonpharmacological interventions have clinical prevention from dementia progression is an important issue since the social cost of dementia is high, especially for family caregivers. Therefore, the purpose of the current study was to determine the effect of MTM in physical function and neuropsychiatric function in the elderly with SMC.
Methods
We conducted a pretest and posttest comparison pilot study to evaluate the effects of multiple training modalities (MTM) on the level of senior fitness and neuropsychiatric function in the elderly with and without subjective memory complaints (SMC).
Ethical considerations
Patients were voluntary participants in the study, and were informed about the study purpose. A written informed consent, including research title, purpose, explanation of research, and study procedures, was obtained from each eligible participant. Risks and benefits were also explained clearly to the participants. Side effects of MTM are rare. Each participant had the opportunity to ask questions and was free to refuse to answer any question or assessment and withdraw from the study at any time. Participants were protected from discomfort and harm during the study. The study was approved by the Institutional Review Board of Kaohsiung Medical University Chung-Ho Memorial Hospital (KMUHIRB-SV(I)-20170034). This study was conducted in accordance with the Declaration of Helsinki.
Subjects
Participants were recruited from the neurological outpatient department of Kaohsiung Municipal Ta-Tung Hospital located in the southern part of Taiwan. The older adults recruited in our study are volunteers randomly selected from outpatients at the neurology clinic. They are the relatives/partners of the patients visiting the outpatients at the neurology clinic. The inclusion criteria were as follows:
(1) >65 years of age;
(2) health individual without dementia based on the Clinical Dementia Rating (CDR) [16] score of 0 and instrument of ascertainment of dementia 8 (AD8) [17] score of <2; (3) sufficient four limbs mobility to perform requisite fingerpointing tasks, such as flexing and extending the shoulder, elbow, wrist, and fingers; and (4) no neurological or musculoskeletal diseases, such as stroke and visual and auditory impairments.
AD8 is a brief tool used to screen dementia that was developed at Washington University in St. Louis and is capable of screening extremely mild dementia in the general population. If the score of AD8 is greater than or equal to 2, the person is considered to be suspected of dementia, including extremely mild dementia.
The exclusion criteria were as follows:
(1) could not finish the 16-week training course, and (2) could not accept and cooperate with neuropsychiatric tests.
Any participant who missed any sessions of the 16-week training course or pre/posttest was withdrawn from the study. The participants who met the inclusion and exclusion criteria were invited with completion of written informed consent. The participants were divided into 2 groups, SMC and non-SMC, based on the Consortium to Establish a Registry for Alzheimer Disease (CERAD). [18] We adopted questions from CERAD for evaluating SMC. There were four questions regarding the SMC as follows, (1) Is it not easy for the subject to remember what happened recently? (2) Does the subject forget the conversation a few days ago or a few hours ago? (3) Does the subject repeat the same question? (4) Does the subject forget to turn off the gas stove fire?
The participant was sorted to SMC with presence of one or more of the above problems.
Multiple training modalities
Multiple training modalities (MTM) comprised three training modalities as follows, physical fitness training, hand-eye coordination training (Chinese calligraphy handwriting and drawing), and mind fitness training (meditation). All participants attended 3 hours of multiple training modalities (1 hour for each training modality) twice a week over a 16-week period with the order of physical fitness training, hand-eye coordination training, and then mind fitness training. Physical fitness activities include 10 minutes of pre-exercise, 40 minutes of main exercise, and 10 minutes of finishing exercise. The main exercise of physical fitness activities include endurance, or aerobic activities (brisk walking or jogging), strength, or resistance training (lifting weights and using a resistance band), balance exercises (standing on one leg) and flexibility exercises (doing various limbs stretches). The preexercise consisted of 5 minutes of walking and 5 minutes of stretching. The finishing exercise included 10 minutes of stretching. During the exercise, the subject wore a heart rate monitor to check whether the exercise intensity has been reached. Besides, during the physical fitness practice session, an experienced physical fitness instructor led the participants, who replicated the motions, postures, and speed of movement. Assistants took precautions against the falling down and exercise injuries of participants. The participants practiced Chinese calligraphy and drawing in a quiet room led by a trained assistant. The Chinese calligraphy character content was chosen randomly from a handbook of calligraphy writing. Calligraphic writing involves "brush handwriting by tracing the strokes and structures of the characters displayed in a mixture of traditional calligraphic styles." The drawing involves "brush painting" by imitating the demonstrative Chinese painting. The instructions for the meditation were to concentrate on a physical point inside the center of chest and keep the body and mind relaxed. This is 1 common type of meditation. If participants could not focus on the heart, they were advised to focus on their heartbeat without counting. Instruction will also try to sense the temperature of the chest and, while trying to focus on the heart, maintain continuous concentration without stress. If participants were wandering thoughts, they were suggested to let go of these and shift their attention back to the heart. They were required to keep their eyes closed and sit on a mat with a crossed leg posture during meditation, but they could change to another comfortable posture if they needed to. After meditation, rest session was practiced. The instructions for the rest session were to keep body and mind relaxed and just to take a rest without falling asleep. They were allowed to pursue any wandering thoughts or flow of consciousness. All participants kept their eyes closed during the rest session and sat with a crossed leg posture the same as for the meditation session. During the meditation practice sessions, an experienced meditation instructor led the participants, who learnt the skills of postures, mind focusing, and breathing pattern. The MTM was designed for a group practice.
We employed the different specialists in physical fitness activities, Chinese calligraphy handwriting/drawing and meditation from our community. The specialists had enough experiences in tutoring the training modalities by training the participants with oral presentation accompanied with demonstrative in action or video. The specialists trained the participants for 1 hour in each of these three modalities before MTM intervention. The participants had enough practice under specialists' instruction. All participants tested and practiced in a single group. The order of MTM was physical fitness activities, calligraphy or drawing, and then meditation. There was no a rotation between the order of different activities. All participants were advised to maintain their routine activities.
Measurement outcomes
To evaluate the effects of MTM, each participant underwent a series of senior fitness and neuropsychiatric assessment at the baseline and after 16 weeks of the intervention. The senior fitness test contained 6 items, namely arm curl test, chair stand test, chair sit-and-reach test, back scratch test, 2-minute step test and 8-foot up-and-go test by using criteria of Senior Fitness Test Manual, 2nd Edition by Rikli and Jones. [19] The arm curl test is designed for testing numbers of bicep curls that can be completed in 30 seconds holding a hand weight of 5 lbs (2.27 kg) for women; 8 lbs (3.63 kg) for men. Chair stand test is designed for testing numbers of full stands that can be completed in 30 seconds with arms folded across chest. Chair sit-and-reach test is designed for testing the distance (centimeters) between extended fingers and tip of toe from a sitting position at front of chair with leg extended and hands reaching toward toes. Back scratch test is designed for testing the distance (centimeters) between extended middle fingers with 1 hand reaching over the shoulder and 1 up the middle of the back. Two-minute step test is designed for testing numbers of full steps completed in 2 minutes, raising each knee to a point midway between the patella and iliac crest. Score is number of times right knee reaches the required height. Eight-foot up-and-go test is designed for testing time (seconds) required to get up from a seated position, walk 8 feet (2.44 m), turn, and return to seated position. The higher scores of arm curl test, chair stand test, chair sit-andreach test and 2-minute step test indicate better senior fitness function. The lower scores of back scratch test, and 8-foot up-andgo test indicate better senior fitness function.
The neuropsychiatric tests contained the Traditional Chinese version Mini-Mental Status Examination (MMSE), [20] the Cognitive Assessment Screening Instrument (CASI), [21] and the Center for Epidemiologic Studies Depression Scale (CESD). [22] The MMSE is a 30-point questionnaire that is used extensively in clinical and research settings to measure cognitive impairment. MMSE contains 8 categories, namely orientation to time (5 points), orientation to place (5 points), registration (3 points), attention and calculation (5 points), recall (3 points), language (2 points), repetition (1 point), and complex commands (6 points). MMSE is the summation of the scores of 8 categories. CASI that comprises 25 items with sum scores range from 0 to 100. CASI has nine subscales that assess remote memory (10 points), recent memory (12 points), attention (8 points), mentality (10 points), orientation (18 points), drawing (10 points), abstract (12 points), category fluency (10 points), and language (10 points). [23] CASI total is the summation of scores of 9 subscales.
The higher scores of MMSE and CASI indicate better cognitive function. The CESD consists of 20 questions asking about various symptoms of depression as they have occurred in the past week, and the majority of the items focus on the affective component of depression. It is scored by the frequency of depressive symptoms during the past week as follows, rarely or none of the time (less than 1 day) (0 point), some or a little of the time (1-2 days) (1 point), occasionally or a moderate amount of time (3-4 days) (2 points) and most or all of the time (5-7 days) (3 points). Possible range of CESD scores is from 0 to 60, with the higher scores indicating the presence of more symptomatology.
All assessments were performed by psychologists. The psychologist was blind to the condition/groups of subjects. Information from a knowledgeable collateral source, usually a spouse or an adult child, was also collected.
Statistical analysis
Descriptive statistics were used to summarize the sample characteristics and target variables. The frequency distributions were determined for nominal variable (i.e., gender), and mean and standard deviation were calculated for continuous variables (i.e., age, educational level, senior fitness tests and neuropsychiatric assessment scores, namely, CASI, MMSE, CESD). Paired t test analysis was used to compare the differences between pre and post MTM in the same group. Independent t test analysis was used to compare the difference between SMC and non-SMC groups in terms of senior fitness tests and the neuropsychological assessment scores. P < .05 was considered statistically significant. Data were analyzed using SPSS for Windows 17.0 (SPSS Inc., Chicago, IL).
Results
There were 30 participants initially, and 24 participants completed the training modalities. There were 12 instructors in total during the intervention. Six participants had withdrawn from the study due to the poor compliance and health condition.
The demographic characteristics of the participants in the study groups are listed in Table 1 . Twenty-four participants were recruited for this study. Seven participants were assigned to the SMC group and 17 participants to the non-SMC group based on the CERAD concerning the SMC. All participants completed the baseline and post-intervention assessments. No significant differences were observed between SMC and non-SMC groups for all the baseline demographic characteristics, except MMSE and CESD. It revealed SMC group had lower MMSE, and higher CESD scores than non-SMC group. The existing difference between 2 groups showed SMC group had lower cognitive function and worse depressive symptoms than non-SMC group in baseline.
The differences between the pre-and post-intervention of MTM were significant in all 6 items of senior fitness tests, as shown in Table 2 . There were no significant differences between the pre and post-intervention of MTM in most parts of neuropsychological tests, except CESD (10.6 ± 8.9 vs 4.2 ± 6.3, P < .001), as shown in Table 2 . The higher the CESD score is, the more severe the depressive symptoms are. In conclusion, the results indicated the improvement of senior fitness and depressive syndromes after MTM intervention.
By memory complaints shown in Table 3 , 4 items of senior fitness tests had significant changes in SMC group with MTM intervention, except for chair sit-and-reach test and back scratch test. Meanwhile, 5 items of senior fitness tests had significant changes in the non-SMC group with MTM intervention, except for the back-scratch test. The SMC group had the worse function in total scores of CASI, recent memory, mentality, language subscales in CASI, MMSE, and CESD than did the non-SMC group in the baseline. The SMC group had better function in attention, orientation, drawing, abstract, and fluency subscales in CASI than did the non-SMC group in the baseline. The significant neuropsychological changes in the SMC group are shown in recent memory subscales of CASI (6.3 ± 2.5 vs 9.2 ± 3.8, P = .021) Table 1 The demographic characters of recruited subjects by memory complaints. We demonstrated the changes of scores (the differences between pre-MTM and post-MTM) after MTM intervention between 2 groups in Table 4 . The result revealed significant greater improving of 8-foot up-and-go test in senior fitness tests, Table 3 Senior fitness tests and neuropsychiatric tests before and after MTM between SMC and non-SMC groups.
SMC (n = 7)
Pre-MTM Post-MTM P value Changes of scores (the differences between pre-MTM and post-MTM) with MTM intervention between non-SMC and SMC groups. 
Discussion
We have found multiple training modalities (MTM) had more benefit in subjective memory complaints (SMC) in improving recent memory. Besides, MTM improved depressive syndromes and most parts of senior physical fitness tests in the elderly. The baseline demographic characters including age, gender, education, and physical characteristics between SMC and non-SMC groups showed no significant difference. It ruled out the possible causes having impact in senior fitness performance and neuropsychiatric assessment. However, the comparison of cognitive function between 2 groups revealed SMC group had lower MMSE and higher CESD scores than non-SMC group. The existing differences indicated SMC group had lower cognitive function and worse depressive symptoms than non-SMC group. The finding is consistent with the previous study. [24, 25] Evidences showed that a higher number of SMC in well cognitively functioning individuals was most closely related to depressive symptomatology, while some specific complaints reflected lower memory performance and should be considered when screening for people at risk of cognitive decline. [26] As clinical trials for the treatment of dementia have consistently produced disappointing results, we decided to focus more attention on developing strategies to prevent and treat cognitive decline early in life in preclinical or asymptomatic stages of dementia. Studies on nonpharmacological interventions for SMC are ongoing, but the benefits of treatment are inconclusive, which are related to randomized, controlled trials, long-term effects, limited case numbers, and differences of protocols. Multiplemodality exercise and mind-motor training had greater improvements in global cognitive functioning and memory in older adults with SMC. [27] However, some studies showed equivocal impact. [28] Our study revealed MTM contributed to benefits in recent memory in SMC, depressive syndromes, and physical fitness in the elderly. We propose explanations and clinical implications for the effect.
First, the practice in our MTM contained physical fitness training, hand-eye coordination training (Chinese calligraphy handwriting and drawing), and mind fitness training (meditation). MTM was designed for group practice, which is a socialization skill. It has been proven that socialization skills with physical and intellectual activities enhance the effects of nonpharmacological interventions in dementia. [29] Second, aerobic exercise training enhanced cardiovascular fitness. Calligraphy and meditation program had therapeutic effect on hypertension. [30, 31] These programs controlled cardiovascular risk factors and prevented vascular dementia. [32] Third, psychoaffective states are potentially modifiable risk factors for dementia, including depressive symptoms, stress, neuroticism, anxiety and sleep disturbance. [33] Meditation is useful in reducing stress, anxiety, depression, and pain [34, 35] and control the psycho-affective risks for dementia. The MTM interventions in our study overall had benefits in improving depressive symptoms in the elderly with or without SMC, and also enhanced the effect of MTM in dementia prevention. Fourth, training programs increased memory-related cerebral volume. Aerobic exercise showed growth in volume in anterior hippocampal regions and meditation increased brain structure and function, especially in frontal, limbic structures, and insula. [35, 36] Fifth, meditation is associated with increased brain network integration, reflected in higher alpha frequency bandwidth in electroencephalography. [37] Sixth, SMC might be considered as a very early stage of dementia. In this stage, the signs and symptoms of the dementia may be subtle and only recent memory impairment was apparent. The scores of MMSE were within normal range in MCI and SMC. We suggest the recent memory subscale of CASI is a favorable indicator to evaluate cognitive functional changes in MCI and SMC. We highlight early intervention as a strategy to prevent SMC from progressing to mild cognitive impairment (MCI) and dementia is crucial.
There is indeed an effective finding for participants with SMC to improve their recent memories after the intervention. In the early stage of dementia, or in mild cognitive impairment, the most prominent early symptom is recent memory difficulty. The person begins to show symptoms noticeable to the people around them and symptoms interfere with daily activities. The person may begin to have difficulty with more complicated chores and tasks around the house or at work. The person can usually still take care of him or herself but may forget things like taking pills or doing laundry and may need prompting or reminders. Thus, recent memory impairment could relate to everyday functionality. By improving the recent memory with MTM, the elder with SMC enhanced more everyday functionality.
The improving of CESD in our study suggested MTM had effects in improving depressive symptoms in the elderly. Studies revealed depressive symptoms can predict incident dementia. [38] In addition, depressive symptoms shape the association between anxiety trait and dementia. [39] Depression is related to reduction of overall function and daily living. As improvements of depressive symptoms finding in our study, we think the MTM will have contribution in dementia prevention in the elderly with and without SMC.
Although the finding of the study was encouraging, there were some limitations. First, the study had limited sample size. Second, demographic data (e.g., family history and socioeconomic status) and certain medical information (e.g., comorbidity and co-medication), which could influence the results, were unavailable. Third, for a lot of the assessments given, ceiling effects likely prevented any effect of the intervention from being observed. Fourth, some variables, such as time of the day (hour) when the measurements were taken, or the participants' tiredness (number of hours of sleep the night before) on the particular day of testing, could have an impact on the study result. Fifth, a control group would be required to check if the outcomes of memory, physical fitness and depressive syndromes were subject to variation with no action taken by the participants.
Conclusions
Our study showed MTM had effects in enhancing senior fitness and improving depressive syndromes in the elderly. MTM contributed to improvement in most of senior fitness and depressive syndromes in both SMC group and non-SMC group. Besides, MTM contributed to greater improvement in recent memory function in the SMC group than in the non-SMC group. As far as improving difference is concerned, SMC group had greater improving difference in 8-foot up-and-go test, CASI total scores, recent memory function, and depressive syndromes than non-SMC group after MTM intervention. A comprehensive large-scale randomized clinical trial is necessary to address these 
